Attentional control involves the ability to allocate preparatory attention to improve subsequent stimulus processing and response selection. There is behavioral evidence to support the hypothesis that increased expectancy of stimulus and response conflict may decrease the subsequent experience of conflict during task performance. We used a cued flanker and event-related fMRI design to separate processes involved in preparation from those involved in resolving conflict and to identify the brain systems involved in these processes as well as the association between preparatory activity levels and activity related to subsequent conflict processing. Our results demonstrate that preparatory attentional allocation following a cue to the upcoming level of conflict is mediated by a network involving Dorsolateral Prefrontal Cortex (DLPFC) and the Intraparietal Sulcus (IPS). Informed preparation for conflict processing was associated with decreased Anterior Cingulate Cortex/pre-Supplementary Motor Area (ACC/ pre-SMA) and IPS activity during the flanker target presentation, supporting their roles in conflict processing and visuospatial attention during the flanker task. Ventrolateral Prefrontal Cortex/Orbitofrontal Cortex (VLPFC/OFC) was active when specific strategic task rule and outcome information was available.
Introduction
Understanding attentional control is fundamental to understanding how the brain produces unified, voluntary behavior. Attentional control is the goal-driven allocation of attention toward the processing of task-appropriate stimuli and responses and away from distracting stimuli and thoughts. Attentional control also involves the ability to monitor performance in relation to task demands and to adjust the allocation of attention when necessary. These processes are mediated by a large-scale network involving frontal and parietal systems that interact with sensory and motor areas (e.g. Mesulam, 1981; Posner and Petersen, 1990; Posner and Raichle, 1994; Knight et al., 1999; Banich et al., 2000; Miller and Cohen, 2001 ). This network is particularly engaged when we experience competition, or "conflict", between the processing of task-relevant information and items that distract us, such as on the flanker task, in which subjects must identify the direction of the center arrow in incongruent (>>< >>) or congruent (<<<<<) stimulus arrays (Eriksen and Eriksen, 1974) . Botvinick et al. (2001) have proposed that Anterior Cingulate Cortex at the border of the pre-Supplementary Motor Area (ACC/pre-SMA) is generally responsible for monitoring performance in order to detect cognitive and behavioral conditions with potential negative outcomes and signaling this state to other regions in the attentional control network, such as Dorsolateral Prefrontal Cortex (DLPFC), which then increases attention or change behavior Kerns et al., 2004; Botvinick et al., 1999; Carter et al., 1998 Carter et al., , 2000 Durston et al., 2003; Milham et al., 2003) . Kerns et al. (2004) have demonstrated that, on trials in which conflict-related ACC/pre-SMA activity is higher, DLPFC activity on the next trial is higher, supporting the hypothesis that detection of increased conflict by ACC leads to increased allocation of attention, mediated by DLPFC. From these models, it then follows that an increase in the allocation of attention in preparation for conflicting stimuli should reduce the experience of conflict when those stimuli occur, thereby reducing activity in conflict processing regions.
There is behavioral evidence to support the hypothesis that increased expectancy of conflict may decrease the subsequent experience of conflict during task performance (Gratton et al., 1992) . Evidence from fMRI research has shown that, when the probability of incongruent (conflicting) stimuli is high in a block of trials of a flanker task, DLPFC activity is higher, ACC/pre-SMA activity is lower, and response times are faster than when the probability of incongruent stimuli in the block is low (Casey et al., 2000) . Similarly, other studies have shown that, when an incongruent trial is preceded by an incongruent trial, DLPFC activity is higher and ACC/pre-SMA activity is lower than when an incongruent trial is preceded by a congruent trial (Botvinick et al., 1999; Kerns et al., 2004; Durston et al., 2003 ; but see Mayr et al., 2003) . Thus, it appears that DLPFC activity increases when the expectation of conflict is high but the experience of conflict is low, whereas ACC activity increases when expectation of conflict is low and experience of conflict is high. These results lead to the hypothesis that different levels of expectation invoke changes in the allocation of attention, which are mediated by DLPFC, in preparation for the expected conflict level and that it is this preparatory allocation of attention that is associated with the subsequent alteration in conflict processing, mediated by ACC/pre-SMA. In these previous designs, the differences in preparatory allocation of attention as a result of expectancy are inferred from differences in activity during flanker conflict processing. In order to directly determine how expectation of conflict engages preparatory attention activity, and whether this activity influences subsequent conflict processing, we used a cued flanker task to separate these processes. In our modified version of the flanker task, subjects were either cued to the level of conflict prior to every flanker trial (high or low) or received a neutral cue that did not provide advance information about conflict in the subsequent trial We specifically tested the hypothesis that expectation for conflict leads to increased preparatory allocation of attention, mediated by DLPFC, and that increased preparatory attention results in subsequent decreases in the level of experienced conflict during incongruent target processing, mediated by ACC/pre-SMA.
We further hypothesized that parietal regions, in addition to DLPFC and ACC/pre-SMA, would play a role in preparatory attention and conflict processing, particularly under the visuospatial demands of the flanker task. Activity in parietal cortex and modulations of downstream sensory representations have been widely implicated in preparatory attention, especially for visuospatial tasks (Kastner et al., 1999; Luks and Simpson, 2004; Yantis et al., 2002; Hopfinger et al., 2000; Corbetta et al., 2000; Cabeza and Nyberg, 2000) , and inferior parietal activity has been reported after response conflict (van Veen et al., 2001; Carter et al., 2000; Bunge et al., 2002) . If parietal cortex is involved in the deployment of attention and visuospatial processing that is necessary to correctly perform the flanker task, it should display increased activity during cued preparatory deployment of attention and then decreased activity during conflict-related processing of the flanker targets.
Materials and methods

Subjects
Eleven subjects (8 male, 3 female) completed this study. One additional subject was unable to complete the study due to discomfort in the MR scanner. These subjects were 25-40 years old, right-handed, with graduate or post-graduate education levels. All had normal or corrected-to-normal vision and had no reported history of head trauma, psychiatric or neurological disorders. All subjects gave written informed consent and were screened for MRI eligibility in accordance with guidelines established by the UCSF Committee on Human Research.
Task design
This study used an event-related design with two experimental conditions segregated into separate MR acquisition runs within the same MR session: an informatively cued condition and a neutrally cued condition (Fig. 1 ). In the informatively cued condition, each trial consisted of a 500 ms cue, followed 2-5 s later by a 150 ms target. This interstimulus interval duration was randomly jittered across trials in .5 s increments (weighted to include twice as many 2-3 s increments as 3.5-5 s increments). The cue consisted of the word Easy or Hard (for low and high conflict trials, respectively, 100% valid) in 24-point font. The target consisted of 5 arrows, with the 4 flanker arrows in either the same direction as the center arrow (>>>>>) (low conflict) or in the opposite direction (<< ><<) (high conflict). After the target offset, the screen remained blank during a 5.5-7.5 s pause before the next trial began (again, randomly jittered in .5 s increments). Subjects were instructed to identify the direction of the center arrow and make a two-finger forced-choice response. Low and high conflict trials were randomly intermixed. Fig. 1 . Experimental design of the cued flanker task. In the informatively cued condition, the cue consisted of the word "Easy" or "Hard" presented for 500 ms followed 2.5-5 s later by a 150 ms target. In the neutrally cued condition, the cue always consisted of the word "prep". The target consisted of 5 arrows, with the 4 flanker arrows in either the same direction as the center arrow (low conflict) or the opposite direction (high conflict). Subjects were instructed to identify the direction of the center arrow and make a forced-choice response. The neutral cue and informative cue conditions were presented in separate blocks of eventrelated trials. The inter-trial interval was 5.5-7.5 s.
In the neutrally cued condition, the cue consisted of the word "prep" in 24-point font for both low conflict and high conflict trials. Target presentation was the same as for informatively cued trials. Subjects completed five runs of neutrally cued trials and five runs of informatively cued trials (30 trials per run), presented in a pseudorandom order.
Functional MRI
MR methods
Imaging was performed on a 1.5 T General Electric Signa LX 8.3 scanner (Milwaukee, WI). Anatomical imaging consisted of a high-resolution T1-weighted rf-spoiled GRASS sequence (SPGR). Functional imaging consisted of blood-oxygen-level-dependent (BOLD) sensitive images acquired during performance of the experimental task, using a gradient-recalled echo-planar (EPI) sequence (TR = 3 s; TE = 50 ms; flip angle = 60, matrix = 128 × 128, FOV = 26 × 26 cm, 19 slices, 5 mm thickness, 1 mm gap).
Stimulus presentation and experiment control
Visual stimuli were generated with a Macintosh computer using PsyScope 1.2.5 software. Subjects used a mirror attached to the head coil to view stimuli back-projected onto a screen with an LCD projector. The experimental control software generated a data file containing recorded event times for all stimulus presentation events, subject response events, and scanner TTL synchronization pulses indicating EPI slice acquisition events.
Data analysis
Behavioral accuracy and response time measures were collected for each subject during the fMRI sessions. To test for effects of cue and target conditions on performance, mean response times (RTs) for correct trials were submitted to a between-subjects repeated measures ANOVA with 2 factors: cue condition (neutral, informative) and target condition (low conflict, high conflict).
Image analysis was performed on a Macintosh computer using MATLAB (Mathworks Inc.) and SPM2 software (www.fil.ion.ucl. ac.uk/spm). Prior to analysis, the functional images were converted to 3-D Analyze format volumes. The first four volumes in each run were discarded. Images were realigned to the 5th volume within each run to correct for motion artifacts using a 6-parameter rigid body affine transformation and corrected for differences in slice acquisition timing. The resulting images were normalized to a standard stereotaxic space (Montreal Neurological Institute (MNI) Template) using a 12-parameter affine/non-linear transformation and spatially smoothed with a 8 mm full-width half maximum isotropic Gaussian kernel. Image intensity was scaled to the mean global intensity of each time-series. Data were submitted to an event-related General Linear Model analysis, fitting a reference hemodynamic response function (hrf) to an impulse response function (duration = 0 ms) for each event in the observed timeseries data. The model included the following cue conditions: Informative Easy cue, Informative Hard cue, Neutral cue, and the following target conditions: Informatively cued low conflict targets, Informatively cued high conflict targets, Neutrally cued low conflict targets, and Neutrally cued high conflict targets. Cues and Targets from incorrect trials were modeled separately. Contrasts of interest were performed on individual subject data. Second-level one-sample t-tests were performed on the combined individual results to create random-effect group analyses for each contrast (n = 11). For each contrast at the group level, statistical parametric brain maps were generated that displayed the t value (in signal intensity) of each voxel that met a threshold of p < .001 uncorrected for multiple comparisons. These images were overlaid onto SPM2's single subject canonical T1 image in MNI space. We also calculated voxels that met a threshold of p < .05 corrected for multiple comparisons in four ROIs (ACC, left DLPFC, right DLPFC, left IPS) using SPM2's small volume correction (SVC) procedure. These ROIs were defined a priori as 30-mm-radius spheres centered at the locations of peak ACC and DLPFC activity reported by MacDonald et al. (2000) (4, 0, 47 and ± 41, 17, 31 MNI space) and left IPS activity reported by Bunge et al. (2002) (−34, − 60, 34 Talairach space). Stereotaxic coordinates reported here were converted to approximate Talairach space from MNI coordinate space (www.mrc-cbu.cam.ac.uk/Imaging/mnispace. html).
Results
Behavioral results
Accuracy in this task was near ceiling in all conditions. Mean percent correct (and standard errors) for neutrally cued low conflict trials were 99% (1%) and for neutrally cued high conflict trials were 92% (2%). Mean percent correct (and standard errors) for informatively cued low conflict trials were 99% (1%) and for informatively cued high conflict trials were 94% (2%). There were no significant main effects or interactions of cue or target conflict conditions. Mean response times (and standard errors) for neutrally cued low conflict trials were 614 ms (68 ms) and for neutrally cued high conflict trials were 871 ms (77 ms). Mean response times (and standard errors) for informatively cued low conflict trials were 600 ms (28 ms) and for informatively cued high conflict trials were 835 ms (70 ms). Subject response times were significantly faster for low conflict trials than high conflict trials (F(1,10) = 19.355, p < .001) and showed a trend towards faster times for informatively cued trials relative to neutrally cued trials (F(1,10) = 3.935, p = .075). There was no significant interaction between cue and target conflict conditions.
fMRI activation during cue period
We first asked which brain regions showed greater activity in the informative cue condition during preparation for high conflict trials versus preparation for low conflict trials (i.e. Hard cues versus Easy cues). There were no significant differences in any frontal or parietal areas. We did observe significantly greater bilateral activity in lateral occipital cortex, in response to Hard cues relative to Easy cues (Table 1, Fig. 2 ). Because Hard and Easy cues showed the same general pattern of activity in attentional control regions, we then compared these two informative cue conditions together relative to the neutral cue condition to investigate the regional activity during preparatory attention (i.e. informative cues vs. neutral cues).
We observed significantly greater activity in left Dorsolateral Prefrontal Cortex (DLPFC) and in left Intraparietal Sulcus (IPS) following informative cues relative to neutral cues (Table 1) . We also observed significantly greater activity in extensive regions of bilateral BA 47, which have been characterized as Ventrolateral Prefrontal Cortex (VLPFC) and as lateral Orbitofrontal Cortex (OFC), extending into Anterior Insula (Table 1, Fig. 3 ). There was no significant difference in Anterior Cingulate Cortex/preSupplementary Motor Area (ACC/pre-SMA) activity for informative versus neutral cues. To determine whether these results arose because ACC/pre-SMA was active but equivalent in the three cue conditions, we also compared each cue condition to the average baseline. No significant activation was observed in ACC/pre-SMA for any cue condition. However, relative to baseline, all three cue conditions activated a region of Cingulate Cortex posterior to the ACC/pre-SMA area typically activated in attentional control tasks. This area may be equivalent to Picard and Strick's (2001) caudal cingulate zone, inferior to SMA (Table 2, Fig. 4 ).
fMRI activation during target period Neutrally cued targets
In the target period of the flanker task, "conflict-related" processes are defined by significant increases in activation when contrasting the high conflict target condition to the low conflict target condition. We examined conflict-related activity in the neutrally cued target conditions (that is, the difference in activity associated with high versus low conflict target flanker stimuli, without informed preparatory deployment of attention). The results generally replicated the conflict-related activity observed in uncued versions of the flanker task in the literature. Bilateral ACC/pre-SMA, bilateral IPS, and right DLPFC were more active following high conflict targets relative to low conflict targets in the neutrally cued condition (Table 3) . We also observed significant bilateral activation in VLPFC/OFC following high conflict targets relative to low conflict targets in the neutrally cued condition (Table 3, Fig. 5 ).
Informatively cued targets
Conflict-related activity in the informatively cued target condition (i.e. activity to high conflict targets following Hard cues versus activity to low conflict targets following Easy cues) showed activity in bilateral ACC/pre-SMA, right DLPFC, and left IPS. There was no significant conflict-related target activity in VLPFC/ OFC following informative cues. Thus, the processing of conflict in the flanker task significantly activated a common network of brain regions in both the informatively and neutrally cued conditions, excepting VLPFC/OFC (Table 3 , Fig. 5 ).
To examine the interactive effects of preparation and conflictrelated activity in this network, we compared conflict-related activity following informative versus neutral preparation. We measured the interaction between the informatively cued and neutrally cued conditions and the high and low conflict conditions with the following contrasts: [(neutrally cued high conflict targetsneutrally cued low conflict targets)-(informatively cued high conflict targets-informatively cued low conflict targets)], and [(informatively cued high conflict targets-informatively cued low conflict targets)-(neutrally cued high conflict targets-neutrally cued low conflict targets)]. These contrasts revealed that the conflict-related target activity following informative cues, relative to neutral cues, was significantly reduced in ACC/pre-SMA and left IPS, indicating that preparation reduced the degree of conflictrelated activity in these regions condition (Table 4) . Conflictrelated activity in right DLPFC was not significantly different in the informatively cued condition versus the neutrally cued. Additionally, conflict-related activity was significantly greater in the informatively cued condition versus the neutrally cued condition in one region of right Superior Prefrontal Cortex (Talairach coordinates: 32, 26, 47; t = 4.45). Thus, conflict-related ACC/pre-SMA, IPS, and VLPFC/OFC activity during presentation of flanker stimuli was reduced when the level of conflict was known and prepared for in advance, whereas the conflict-related activity in right DLPFC and right superior PFC during presentation of flanker stimuli did not show this pattern.
Discussion
Can preparatory allocation of attention influence subsequent conflict processing? We investigated the brain systems that control these processes and the relationship between them by separating preparatory allocation of attention from conflict processing with a cued flanker design. Our results demonstrate that attentional allocation following a cue to conflict level is mediated by a network involving DLPFC and IPS. This informed preparation for conflict processing was associated with decreased ACC/pre-SMA and IPS activity during the flanker target presentation, supporting their roles in conflict processing and visuospatial attention during the flanker task. VLPFC/OFC was active when specific strategic task rule and outcome information was available.
Cue period-preparatory allocation of attention
Our cueing design enabled us to differentiate preparatory allocation of attention for specific levels of conflict from a neutral preparation state. Our results suggest a model of preparatory attention in which control regions are engaged when specific processing strategies can be executed, and the target regions of these control processes subsequently implement those processing strategies, exhibiting activity that differs according to the processing required. When preparatory cues were informative, rather than neutral, we observed greater preparatory activity in left DLPFC and left IPS regions. Consistent with the idea that preparatory allocation of attention occurs whenever the upcoming task demands are known (whether high or low), the activity in these control regions did not differ in response to cues to prepare for high versus low conflict flanker conditions, suggesting that subjects selected and deployed a preparatory strategy to maximize performance for each conflict level. In other words, there can be equivalent amplitudes of DLPFC and IPS control activity for orchestrating sensory activity in preparation for two different task conditions, while the pattern (and amplitude) of activity in those controlled sensory areas will differ by condition. In this study, activity in occipital regions, likely to be the sensory targets of DLPFC and IPS control, was significantly different during preparation for high versus low conflict. This is in keeping with recent evidence for preparatory modulations of stimulus representations in visual cortex (e.g. Kastner et al., 1999; Desimone and Duncan, 1995; Luks and Simpson, 2004; Driver and Frackowiak, 2001; Hopfinger et al., 2000) . Increased activity in left DLPFC is consistent with previous evidence for involvement of this area in maintaining task-relevant information and deploying top-down attention to modulate incoming sensory information accordingly (Banich et al., 2000; Milham et al., 2003 . IPS has been implicated in the deployment and sustaining of visuospatial attention (e.g. Corbetta and Shulman, 2002; Yantis et al., 2002; Beauchamp et al., 2001; Vandenberghe et al., 2001 ). Our finding of increased preparatory activation in left IPS for both Hard and Easy cue conditions suggests that IPS is involved in strategic adjustments of spatial attention in preparation for the two target flanker conditions (perhaps broadening spatial attention for low conflict targets and narrowing spatial attention for high conflict targets). Other studies have reported greater DLPFC activation during preparation for a high conflict than low conflict task Weissman et al., 2004) . However, in those studies, subjects were cued to different task rules, with different difficulty levels, whereas in our study, the task rules remained the same, but the stimulus discrimination difficulty varied. Different task rules may require different degrees of DLPFC involvement. When our results are considered together with the literature, they suggest that the amount of preparatory activity in these frontal and parietal attentional control regions may not depend as much on the difficulty of the upcoming task as on the specificity with which task demands are known, and with which an attentional strategy can be deployed in advance of stimulus presentation to facilitate stimulus processing and response selection.
VLPFC/OFC cue period activity
The most robust difference in activity that we observed between cue conditions was in a bilateral region of Brodmann's Area 47, which has been labeled in the literature as the inferior end of VLPFC or the posterior end of OFC, with activity extending medially into adjacent Anterior Insula. Both the VLPFC literature and OFC literature ascribe task rule mapping to this region of BA 47. VLPFC has been associated with rule learning and rule retrieval, including both simple stimulus-response-reward patterns, and more complex cue-task rule associations. This region has been activated in neuroimaging studies by rule-learning paradigms, task-shifting paradigms, and holding stimulus-response rules in working memory (e.g. Bunge, 2004; Hampshire and Owen, 2006; Crone et al., 2006; Brass and von Cramon, 2002) . Lateral posterior OFC and adjacent Anterior Insula have been implicated in mapping the contingency relationship between outcomes (such as rewards, or emotions) and stimulus-response associations, and particularly in mapping changes in this relationship (Elliot et al., 2000; Happaney et al., 2004) . Lateral OFC activity is observed when stimulus-response-outcome associations are remapped, especially for changes to a negative reward state, which typically results in inhibition of behavior in normal subjects (Lamar et al., 2004; Elliot et al., 2000; O'Doherty et al., 2003; Bechara et al., 2000; Arana et al., 2003; Gottfried et al., 2003) . OFC and Anterior Insula may be necessary to instruct other regions within the attentional control system of changes in stimulusresponse-outcome contingencies in order to direct behavior, especially when these changes are learned by feedback, rather than explicit instruction. More medially located OFC regions have also been associated with the top-down control of visual sensory processing (Bar et al., 2006) .
In this study, VLPFC/OFC activity was greater for informative cues than for neutral cues and did not differ for Easy versus Hard cues. One interpretation for the VLPFC/OFC activity we observed during preparation for both high and low conflict flanker trials is that it may reflect the trial-by-trial mapping of the association between the cue, the anticipated task rule/strategy for each conflict level, and the emotional outcome associated with correct and incorrect task performance. It is possible that VLPFC/OFC may be responsible for mapping these outcome contingencies to the specific preparatory attentional strategies that are deployed in response to the informative cues. Perhaps in the neutral cue condition, because subjects are unable to deploy a specific preparatory strategy and anticipate a specific outcome, they do not engage this VLPFC/OFC function. A related alternative explanation may be that the VLPFC/OFC is particularly involved in mapping changes in anticipated or experienced outcomes. Because the Hard and Easy cues were randomly intermixed in the informative condition, the appropriate preparatory attention strategies and anticipated outcomes frequently changed from cue to cue. However, in the neutral cue condition, information about change in outcome is not available during the cue period. Thus it may be that VLPFC/OFC is activated by cues that indicate a trial-by-trial change from high to low conflict conditions, or low to high conflict conditions. This leads to the directly testable hypothesis that VLPFC/OFC activation will be greater for cues indicating a change in conflict level from the previous trial, relative to cues indicating a repetition of conflict level, although we do not have a sufficient number of trials to test this hypothesis with the present data.
ACC/pre-SMA cue period activity
We did not observe any significant differences in ACC/pre-SMA activity during the cue period when comparing Hard versus Easy cues, or informative versus neutral cues, and also observed no significant ACC/pre-SMA activity in any of the three cue conditions relative to baseline. Thus, we found no evidence that preparing for high conflict stimuli resulted in significant anticipatory ACC/pre-SMA activity or that any particular preparatory attention process activated ACC/pre-SMA. This is in contrast to Weissman et al. (2004) , who reported greater ACC/pre-SMA activity in preparation for a harder task. In general, the literature reveals an inconsistent picture of ACC/pre-SMA activity during preparatory attention. Some studies have found cue period ACC/pre-SMA activity that varies according to cue condition (e.g. Posner and Raichle, 1994; Luks et al., 2002; Weissman et al., 2002; Brass and von Cramon, 2002) or is constant across different cue conditions , while several other papers report no ACC/pre-SMA activity during cue periods (e.g. Hopfinger et al., 2000; Corbetta et al., 2000; Giesbrecht et al., 2003) . It has been suggested that ACC/pre-SMA is particularly responsive to conditions of response conflict, rather than stimulus conflict (van Veen et al., 2001) . It may be that ACC/pre-SMA is active in preparation for targets if preparation for response selection is a useful strategy for minimizing subsequent response conflict. In the flanker task, however, preparation for stimulus selection is arguably the most useful strategy, and, as we have discussed above, DLPFC and IPS activity during the preparatory period may serve to focus attention and spatial processing of the flanker stimuli to minimize stimulus-level conflict (which in turn could reduce the probability for subsequent response conflict during the target period). Perhaps cued tasks that involve high levels of response conflict, but little stimulus-level conflict, will be more likely to evoke preparatory ACC/pre-SMA. The test of this hypothesis (as proposed by Ulrich Mayr, personal communication) would be to compare preparatory ACC/pre-SMA activity in our cued flanker task to preparatory ACC/pre-SMA activity in a cued task in which the primary conflict for which subjects can prepare is response conflict. Findings of greater preparatory activity in the latter case would be consistent with observations of preparatory ACC/pre-SMA activity in studies which involve more response conflict than the flanker task or which involve preparing one of two possible response mappings during the preparatory periods, such as in cued task-switching paradigms (e.g. Luks et al., 2002; Brass and von Cramon, 2002) .
Caudal cingulate zone cue period activity
We did observe significant activation in all three cue conditions (relative to baseline) in a region of Cingulate Cortex that is distinct from and posterior to the dorsal ACC/pre-SMA region implicated in most attentional control tasks (Bush et al., 2000) . The peak of this activation was approximately 1-3 cm posterior to the ACC/ pre-SMA activation observed during target processing. This region may be the caudal cingulate zone, as identified by Picard and Strick (2001) , which is implicated in manual behavior and premotor preparation. Similar activation was reported during the preparatory period in a study by Weissman et al. (2005) . Because this area was active in all three cue conditions, with no significant differences between them, this activity may be involved in the preparation of the two possible motor responses (index and middle finger presses).
Target period-conflict processing
In this study, the neutrally cued condition reveals the unprepared state of conflict processing, and the informatively cued condition reveals how conflict processing is adjusted by preparation. The results support our hypothesis that preparation for high conflict stimuli leads to more efficient target processing, thus reducing conflict and ACC/pre-SMA activity associated with conflict processing. The regional activity we observed in the neutrally cued low and high conflict flanker conditions replicated previous uncued fMRI studies of flanker tasks (e.g. Botvinick et al., 1999; Casey et al., 2000) . We observed significantly greater activity in bilateral ACC/pre-SMA, bilateral IPS, and right DLPFC for high conflict neutrally cued flanker targets than for low conflict neutrally cued flanker targets. Following informatively cued preparation, conflictrelated activity in bilateral ACC/pre-SMA and bilateral IPS was reduced, and no significant conflict-related activity was observed in VLPFC/OFC. Thus, on informatively cued trials, increased preparatory activity in left DLPFC, left IPS, and bilateral VLPFC/ OFC was followed by decreased conflict-related target activity in bilateral ACC/pre-SMA, bilateral IPS, and bilateral VLPFC/OFC, relative to neutrally cued trials. Increased IPS activity during the informative cue period and subsequent decreased IPS activity during conflict-related target processing is consistent with a role for IPS regions in selective spatial attention, distractor suppression and the structuring of attended information (e.g. Corbetta and Shulman, 2002; Silver et al., 2005; Wojciulik and Kanwisher, 1999; FriedmanHill et al., 2003; Cusack, 2005) . When the targets appear, their sudden onset draws attention exogenously to the flanking stimuli, as well as to the task-relevant central stimulus. On high conflict trials, IPS activity may facilitate the visual processing of the central location and inhibit the flanking locations. On low conflict trials, IPS activity may facilitate processing at all locations. When trials are informatively cued, this spatial attention deployment can occur during the cue period in anticipation of targets, leading to faster and more efficient processing of the stimuli when they appear, resulting in less response conflict and thus less activity related to conflict detection and resolution, consistent with the trend in RTs. On neutrally cued trials, the allocation of spatial attention to the central location occurs after the stimuli appear and the conflict level is detected, resulting in more response conflict and more activity related to conflict resolution which may be achieved in part by adjusting the visual spatial focus of attention.
Conflict resolution following ACC/pre-SMA activity in target period
When the experienced level of conflict is high (such as in the neutrally cued condition), how does the attentional control system resolve that conflict in order to maintain accurate performance? Botvinick et al. (2001) have proposed that ACC/pre-SMA monitors for response conflict during stimulus processing and triggers DLPFC (directly or indirectly) to increase attention to the task-appropriate processes for correct response, within the same trial (Carter et al., 1998; Cohen et al., 2000 , but see Mayr et al., 2003 Weissman et al., 2004; Critchley et al., 2005) and on the next trial (Kerns et al., 2004) . In the present study, the level of conflict (as measured by performance and suggested by ACC/pre-SMA activity) was higher in the neutrally cued condition than in the informatively cued condition. Thus, areas that are involved in resolving conflict in response to ACC/pre-SMA activity should have greater activity on the neutrally cued trials, when conflict was higher, than on the informatively cued trials, when conflict was reduced. We found that conflict-related IPS activity was reduced when conflict was reduced, whereas DLPFC activity was not statistically different. These results suggest that, in our study, IPS is more likely to be involved in the resolution of conflict than DLPFC. In the flanker task, parietal regions may be particularly involved in the readjustment of visuospatial attention to resolve this type of conflict, as described above, whereas in tasks which require different conflict resolution processes, different regions may respond to conflict detection. Alternatively, DLPFC may briefly initiate the readjustment of attention, and parietal cortex may follow with sustained (and more detectable) activity during completion of the task, consistent with the roles we have suggested for these regions during the informative cue period. The temporal resolution of fMRI is not optimal for identifying the dynamic interactions of these regions during target processing. Future electrophysiological studies (EEG and MEG) with source localization will certainly aid in addressing these questions.
VLPFC/OFC target period activity
Our finding of VLPFC/OFC activity in the target period is consistent with a role for VLPFC/OFC in mapping strategic stimulus-response-outcome associations and particularly mapping changes in these associations (Bunge, 2004; Rolls, 2000; Elliot et al., 2000) . We found greater VLPFC/OFC activity in response to high conflict flanker targets than to low conflict targets following neutral cues, but not informative cues. These results, together with the results from the cue period, suggest that when conflict-level information was available via informative cues, significant bilateral VLPFC/OFC activity was observed in the cue period, and when that information was first available during target processing (in the neutrally cued condition), significant bilateral VLPFC/OFC activity was observed in the target period.
It is important to note that, when conflict-level information is available in the cue period, the pattern of VLPFC/OFC activity is not exactly the same as the pattern when conflict-level information is available in the target period. In the target period, VLPFC/OFC activity was significantly greater for high conflict stimuli than for low conflict stimuli. In the cue period, VLPFC/OFC activity was statistically equivalent while preparing for high and low conflict trials. If VLPFC/OFC is mapping the relationship between conflictlevel and outcomes alone, that mapping should be roughly equivalent whenever that conflict-level information becomes available. If VLPFC/OFC represents an association between different conflict levels, spatial attention strategies, and their associated outcomes, there will be differences in the patterns of activity in the cue period and in the target period. In the cue period, subjects have the information and time (2-5 s) to prepare strategically for both high and low conflict stimuli, and apparently do so. In the neutrally cued target period, when subjects differentiate high and low conflict targets while in the process of resolving and responding to them, there may be more strategic attentional deployment in the high conflict condition than the low conflict condition, and thus a greater need to activate strategic task rule and outcome representations. The similarity of IPS and VLPFC/OFC patterns across cue and target periods further supports our hypothesis that VLPFC/OFC may be mapping the relationship between the strategic attentional deployment by IPS in response to specific stimuli and anticipated outcomes.
